We argue that prominent macro-quantitative studies in economics, medicine and public health, and political science fail to test for the effect of improved sanitation, on countries' average life expectancy scores. Our study adds sanitation to a basic model focusing on income and democracy as central explanatory factors. We use a cross-sectional design and ordinary least squares (OLS) regression with the most recent data, i.e., 2012 or the latest available numbers, and work with the Economist Intelligence Unit 2012 democracy data. All other data are derived from the CIA World Factbook. Including sanitation in a cross-sectional model with recent country-level data and controlling for income and democracy increases the explained variance by as much as 11% points. This work identifies sanitation as a crucial variable omitted from existing work on life expectancy. Future studies should aim at the effects of additional public goods apart from sanitation and work with panel data. Downloaded from https://iwaponline.com/washdev/article-pdf/5/3/525/385456/washdev0050525.pdf by guest Adding sanitation lowers the impact of both democracy and income, but adds much to the explained variation.
INTRODUCTION
Average life expectancy differs greatly between countries: while people in Japan can expect to live up to 84 years, average life expectancy in Chad in 2014 was a mere 49 years.
Determinants of life expectancy have been the topic of an ongoing debate in economics, medicine, and political science. Many analyses have found democracy and income to be the most important variables influencing life expectancy. A wide variety of additional variables was introduced, many of them also exerting significant effects.
We argue that sanitation is a very relevant determinant of life expectancy. Although it is influenced by both income and democracy, we argue that it still exerts an independent effect on life expectancy. Introducing sanitation is expected to increase the model's overall performance while at the same time decreasing the effects of democracy and income.
The remainder is organized as follows. After reviewing existing work on the topic, the relevance of sanitation is discussed, before a model is run to empirically test the claims. The final section concludes.
DEMOCRACY AND INCOME AS DETERMINANTS OF LIFE EXPECTANCY -A BRIEF REVIEW OF EXISTING WORK
Surprisingly, sanitation has not played a big role in the explanation of variation in countries' average life expectancy. Academic research in economics, medicine and public health, and political science has addressed the topic (Muntaner et al. ) . Many studies in this area focus on two prominent explanatory variables in the overarching field of comparative political economy, i.e., income and democracy. Economic factors have previously been suggested to explain differences in countries' life expectancy In summary, sanitation has been widely neglected by scholars researching life expectancy.
SANITATION -AND ITS INFLUENCE ON LIFE EXPECTANCY
The relevance of access to sanitation for health of individuals is obvious. It prevents the spread of diseases which can be life-threatening, especially in developing countries (Bartram et al. ) . The access to sanitation in a country should hence also influence its population's life expectancy.
In fact, sanitation is one of the core public health factors considered by the World Health Organization (WHO).
According to the WHO, 2.5 billion people do not have access to improved sanitation facilities (WHO ). There have been improvements in the past decade, but while the relative number of people without access to sanitation is declining, the absolute number of 2.5 billion people remains similar due to population growth (UNICEF ).
In 2004, the WHO estimated that 88% of the 1.8 million yearly deaths caused by diarrhea could be associated with poor access to safe water and sanitation facilities. The effect is clear and large: 'Improved sanitation reduces diarrhea morbidity by 32%' (WHO ). Equally impressive effects are found for other diseases, such as Schistosomiasis Consequently, we hypothesize a strong influence of sanitation on life expectancy. However, is sanitation an independent variable? Certainly, there is a correlation between a country's GDP and its population's access to sanitation. The richer a country, the better its infrastructurethe same is true on an individual level (Rodgers ).
However, we argue that the independent effect of sanitation on life expectancy is not completely covered by this. There are low-budget choices to improve sanitation, which have positive side-effects (Moe & Rheingans ; Bill & Melinda Gates Foundation ). The installation of such facilities in developing countries can improve the life expectancy, irrespective of whether there is an increase in GDP or not.
Also, a correlation of democracy and sanitation is not expected to wipe out sanitation's independent effect on life expectancy. Leaders in democracies depend on larger groups than do leaders in autocracies; they thus also provide more public goodssuch as access to sanitation (Besley & Kudamatsu ; Deacon ). In fact, this provision of public goods might be one of the reasons for the impact of democracy. The process of voting itself does not make people any healthier. However, the same argument as above is valid here as well; while democracy certainly has a positive impact on sanitation, sanitation is still expected to exert an independent influence on life expectancy.
In summary, we hypothesize that both democracy and income affect life expectancy independently; and that sanitation is both an intermediate and an independent variable.
EMPIRICAL EVIDENCE ON THE EFFECT OF IMPROVED SANITATION
In the previous section, we argued that sanitation is an important factor in the explanation of a country's average life expectancy. Most of the above-mentioned works fail to control for improved sanitation.
This section offers a brief test of the hypothesis made above that sanitation is both an independent and an intermediate variable.
We use a cross-sectional design and OLS regression with the most recent data, i.e., 2012 or the latest available numbers, and work with the Economist Intelligence Unit (EIU ) democracy data to maximize the number of cases. All other data are retrieved from the CIA World Factbook (CIA ).
Improved sanitation is defined as 'use of any of the following facilities: flush or pour-flush to a piped sewer system, septic tank or pit latrine; ventilated improved pit latrine; pit latrine with slab; or a composting toilet'.
Unsurprisingly, sanitation correlates both with democracy (0.41) and income (0.81). Figure 1 displays the respective scatterplots. Also, democracy and income are correlated (0.59). Table 1 presents the results of different regression models. In bivariate regressions for life expectancy, improved sanitation turns out to be the most relevant factor, followed by income and democracy. Adding improved sanitation to a model controlling for income and democracy adds an extra 11% points to the model's explained variation. The independent variables are correlated which leads to the question whether multicollinearity is a problem. The variance inflation factor (VIF) of the independent variables ranges between 1.6 and 3.76, which hints at light multicollinearity. Since all independent variables exert a significant influence in the expected way, this is of no further concern.
The results show that the argument made above is correct.
Democracy and income do have an effect on life expectancy. Estimates are OLS coefficients with p-values in parentheses.
